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Abstract: The development of global warming adaptation principles is a crucial issue to resilience to 
climate change. Due to the consequences of global warming on land and water management. The 
persistence to determine the adaptation procedures is a demanded challenging process 
corresponding to the current climate change issues. Climate change has a direct impact on the water 
cycle that results in unpredictable cases of pollution and rare of water. In order to provide viable 
options for enormous-scale water supply structures, the study presents a new planning approach that 
incorporates multi-criteria decision-making (MCDM). The agriculture water management (AWM) 
relies on MCDM with various criteria and alternatives. The study ranks regional management 
alternatives with respect to groundwater resources. In addition, study adopts neutrosophic theory to 
handle unpredictable cases. The proposed decision-making approach integrates neutrosophic sets 
with the MARCOS method for achieving optimal solutions. A detailed numerical case study that 
illustrates eight criteria and ten alternatives to examine the applicability for the proposed method. 


Keywords: Agriculture Water Management; Global Warming; Climate Change Neutrosophic sets; 
MCDM; MARCOS Method. 


1. Introduction 

Climate change pose to challenges and risks on the financial systems and industries [1]. The 
manufacturing, agriculture, water supplies, and ecology have a direct relation with any catastrophes 
of climate impact related financial risks. The population inflation and climate change are susceptible 
to water shortages and precarious circumstances. Consequently, a potential techniques are used to 
identify and to assess for adapting and managing climate change to lessen the potential devastating 
impacts[1-3]. 

Global climate change affects the farming industry and water supplies. The acquired 
tremendous relevance given the significance of agricultural policy for the availability of food and the 
reality that over 92% of world water (global groundwater) is utilized by farming looked at how 
weather shifts affect farmers' need for water. In addition, the impacts of global warming on 
agricultural output were investigated and analyzed in [4, 5]. 

In agriculture, plans and decisions are utilized to accommodate climate change and global 
warming. In addition, Governments, farming industry executives, freshwater resources supervisors, 
and consumers adjust to novel circumstances in light of agriculture's central position in certain 
emerging nations and scarcity of water supplies, particularly in arid and semi-arid areas[6, 7]. 
Recently, adaptive techniques have been developed to assist in increasing awareness of dangers and 
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decreasing exposure of global warming. Moreover, emerging technologies and expert systems for 
evaluation the management of agriculture water during the current complex nature issues [8-10]. 

The adjustment researches utilize from MCDM methodologies to choose and to assess 
recommended solutions with respect to several objectives[11, 12]. The adaptability solutions are 
useful and efficient for subsequent planning due to diverse aims of the participants and standards, 
and the necessity to include the views of experts in critical vital aspects e.g., water supply, farming, 
and ecology. The MCDM methodologies use an assessment tool to determine the objectives of long- 
term aims and to provide light on the relative merits of various adaption options[13, 14]. 

Regional management is the procedures for supervising an organization's business operations 
in a designated geographic area. In order to priorities sustainability in regional management, a new 
fuzzy multi-criteria assessment technique is developed, with foundation in a novel neutrosophic 
fuzzy method for capturing ambiguity in human judgements. To deal with such vague and unreliable 
data, the study illustrates the generalizations of fuzzy sets (FSs) and intuitionistic fuzzy sets (IFSs) to 
achieve appropriate solutions. However, many forms of fuzzy (MCDM) are classified to be 
inadequate for handling the ambiguity and incoherence of real-world data[15-17]. 

Hence, Smarandache proposed a new area of mathematics of neutrosophy focuses on "the 
source, the environment, and the extent of neutralities, in addition to relationships with various 
ideational spectra." In neutrosophy principal ideas are partially true, false, and indeterminate. The 
neutrosophic set (NS) is associated with philosophy alongside a very complex representation in 
practical contexts such as science and engineering. A single-valued neutrosophic set (SVNS) are 
illustrated with attributes as a means of addressing issue [18]. 

In selecting long-term partners in the medical field in Bosnia and Herzegovina, Stevi, et al. 
recently presented the MARCOS method. In the steel industry, this process is used to choose 
suppliers. Milling, crushing, and rotating are all ways in which it has been utilized in MCDM 
operations [19]. 

The remainder of the paper is structured as follows: Section 2 shows the proposed method that 
will be used to rank regional management alternatives with respect to groundwater resources. 
Section 3 introduces a numerical application with optimal ranking of alternatives to aid decision 
makers. Section 4 concludes the summary and the future work of the current study. 


2. Neutrosophic MARCOS Method 


The study ranks regional management alternatives with respect to groundwater resources. In 
addition, study adopts neutrosophic theory to handle unpredictable cases. The proposed decision- 
making approach integrates neutrosophic sets with the MARCOS method for achieving optimal 
solutions. The study presents a novel MARCOS method under neutrosophic sets to rank relational 
management alternatives. The study introduces the single valued neutrosophic sets to evaluate the 
criteria and alternatives [20, 21]. The steps of the neutrosophic MARCOS method are mentioned as 
follows and modeled in Figure 1: 

Step 1: Identify study objective. Decompose problem hierarchy to represent the goal, criteria, and the 
possibility of alternatives. 

Step 2: Build the decision matrix by aggregating decision maker’s perspectives. 

The formulation to build matrix between criteria and alternatives mentioned as follows: 


Qi1 °° Ain 
A= : : : | (1) 


Omi ‘* Amn 


Step 3: Determine the ideal and anti-ideal solutions. The decision matrix is extended by inserting 
ideal and anti-ideal solutions into a decision matrix as follows: 
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B agi wee agn 
A=: | Poo | (2) 
Y ay ayn 
pb =mina;; ,y = maxaj;;, for benefit criteria 3 
p =maxaj; ,y = minaj;;, for cost criteria (3) 
Step 4: Compute the normalization extended decision matrix and defined as: 
(=) for cost criteria 
Np, (4) 
(“) for benefit criteria 
Y 
Step 5: Compute the weighted normalized decision matrix presented as: 
Evy = (My wy) (5) 
Step 6: Compute the values of utility degree as follows: 
ae Dj 
ur = 2 (6) 
Di 
Us _ Dy (7) 
D; = Xies Fi (8) 
Step 7: Compute the function of utility degree which defined as: 
uj +U; 
FU) = 1-FU} 1-FU; (9) 
1+ Fur + FU> 
= ut 
FU; = UF sup (10) 
Up 
FU; = UF sup (11) 


Step 8: Rank alternatives and choose the optimal decision alternative. 


Step 1 Step 2 


Determine the goal, Build the decision 
criteria, and alternatives matrix 


Step 3 Step 4 


Determine the ideal and Compute the normalization 
anti-ideal solutions extended decision matrix 


Step 5 


Compute the weighted 
normalized — decision 


matrix Step 7 


Step 6 


Compute the values of 
utility degree 
Step 8 


Compute the function Oder the final options 


of utility degree 
Figure 1. The neutrosophic MARCOS method. 


3. Application 

This section illustrates an application of single valued neutrosophic MARCOS method in real 
world problems. The study aims to rank and to recommend the best regional management in AWM. 
The study invited two experts to evaluate the criteria and alternatives. The experts’ perspectives are 
gathered to detect the main criteria and organized as follow: acceptance, resource consumption, 
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social, economy, ecological, feasibility, effectiveness, and flexibility with ten regions. The economy is 
the cost criteria, and all other criteria are benefit criteria. 

Initial experts are evaluated the criteria and alternatives to build the decision matrix as shown 
in Table 1. Then compute the weights of criteria to give rank of importance criteria. The ecological 
criterion is the highest importance followed by feasibility and effectiveness. The flexibility criterion 


is the lowest importance criterion. Figure 2 shows the importance of all criteria. 


Table 1. The initial decision matrix. 


AWMAs | AWMC: | AWMC: | AWMCs | AWMCG: | AWMCs | AWMCs | AWMC; | AWMCs 
AWMAL: | (1.0,0.1,0.1) | (0.9,0.1,0.2) | (1.0,0.1,0.1) | (0.9,0.1,0.2) | (0.9,0.1,0.2) | (1.0,0.1,0.1) | (0.8,0.2,0.3) | (1.0,0.1,0.1) 
AWMA2? | (0.9,0.1,0.2) | (0.4,0.5,0.6) | (0.8,0.2,0.3) | (0.7,0.3,0.4) | (1.0,0.1,0.1) | (0.9,0.1,0.2) | (0.7,0.3,0.4) | (0.9,0.1,0.2) 
AWMAs | (1.0,0.1,0.1) | (0.7,0.3,0.4) | (1.0,0.1,0.1) | (0.9,0.1,0.2) | (0.7,0.3,0.4) | (1.0,0.1,0.1) | (0.7,0.3,0.4) | (0.8,0.2,0.3) 
AWMA: | (0.8,0.2,0.3) | (1.0,0.1,0.1) | (0.6,0.4,0.5) | (1.0,0.1,0.1) | (0.8,0.2,0.3) | (0.7,0.3,0.4) | (0.8,0.2,0.3) | (1.0,0.1,0.1) 
AWMAs | (1.0,0.1,0.1) | (0.6,0.4,0.5) | (0.8,0.2,0.3) | (0.4,0.5,0.6) | (1.0,0.1,0.1) | (0.8,0.2,0.3) | (1.0,0.1,0.1) | (0.7,0.3,0.4) 
AWMAs< | (0.8,0.2,0.3) | (0.7,0.3,0.4) | (0.7,0.3,0.4) | (0.9,0.1,0.2) | (0.3,0.6,0.7) | (0.6,0.4,0.5) | (0.9,0.1,0.2) | (0.8,0.2,0.3) 
AWMAz | (0.9,0.1,0.2) | (1.0,0.1,0.1) | (0.7,0.3,0.4) | (1.0,0.1,0.1) | (0.8,0.2,0.3) | (0.7,0.3,0.4) | (1.0,0.1,0.1) | (0.6,0.4,0.5) 
AWMAs | (1.0,0.1,0.1) | (0.2,0.7,0.8) | (0.8,0.2,0.3) | (0.3,0.6,0.7) | (1.0,0.1,0.1) | (0.6,0.4,0.5) | (0.8,0.2,0.3) | (1.0,0.1,0.1) 
AWMAs | (0.8,0.2,0.3) | (0.7,0.3,0.4) | (0.2,0.7,0.8) | (0.9,0.1,0.2) | (0.7,0.3,0.4) | (0.8,0.2,0.3) | (0.9,0.1,0.2) | (0.7,0.3,0.4) 
AWMAw | (1.0,0.1,0.1) | (1.0,0.1,0.1) | (0.8,0.2,0.3) | (1.0,0.1,0.1) | (0.9,0.1,0.2) | (1.0,0.1,0.1) | (0.9,0.1,0.2) | (1.0,0.1,0.1) 
AWMCS, AWMC1, 


0.153036777 


0.106767113 


AWMC2, 
0.124554514 


AWMC7, 
0.1743869 


AWMC4, 


0.039140824 
AWMC6, AWMCS5, 
0.199291493 0.085413691 


Figure 2. The importance of eight criteria. 


Then extended the decision matrix by adding the ideal and anti-ideal solution. Then normalize 
the decision matrix by using Eq. (4) by using cost and benefit criteria. The normalization of extended 
decision matrix is shown in Table 2. 


Table 2. The normalization of extended decision matrix. 


AWMAs | AWMC: | AWMC: | AWMC3 | AWMCs | AWMCs | AWMCe | AWMC7 | AWMCs 
AWMAi1 0.61534 0.589307 | 0.760823 | 0.535749 3.71472 0.61534 0.535717 | 0.571429 
AWMAz2 | 0.576918 | 0.464267 | 0.586954 | 0.714347 | 4.000171 1 0.714347 0.92864 
AWMAS: | 0.673013 0.48216 0.760823 | 0.535749 | 1.928723 0.61534 0.48216 0.821461 
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AWMA: | 0.519211 1 0.45652 1 1.928723 0.76924 0.48216 0.571429 
AWMASs | 0.673013 | 0.607168 1 0.464267 | 2.500054 | 0.884585 | 0.571429 | 0.714347 
AWMaAs¢e | 0.519211 0.48216 0.869605 0.92864 1 0.653825 | 0.535749 0.48216 
AWMA7 1 0.571429 | 0.521756 1 2.142961 0.76924 1 0.607168 
AWMAs | 0.673013 | 0.249973 0.64563 0.249989 | 2.285815 | 0.653825 0.48216 1 
AWMAsd | 0.519211 | 0.428603 | 0.304303 0.92864 1.928723 | 0.884585 | 0.589307 | 0.714347 
AWMAw | 0.61534 0.571429 | 0.586954 | 0.571429 3.71472 0.61534 0.535749 1 


Then multiply the weights of criteria by the normalized extended decision matrix by using Eq. 
(5) as shown in Table 3. 
Table 3. The weighted normalization of extended decision matrix. 


AWMAs | AWMC: | AWMC: | AWMC3 | AWMCa | AWMCs | AWMCe | AWMC7 | AWMCs 

AWMAL: | 0.065698 | 0.073401 | 0.089327 0.02097 0.317288 | 0.122632 | 0.093422 0.08745 

AWMA:? | 0.061596 | 0.057826 | 0.068913 0.02796 0.341669 | 0.199291 | 0.124573 | 0.142116 
AWMAs: | 0.071856 | 0.060055 | 0.089327 0.02097 0.164739 | 0.122632 | 0.084082 | 0.125714 
AWMA: | 0.055435 | 0.124555 | 0.053599 | 0.039141 | 0.164739 | 0.153303 | 0.084082 0.08745 

AWMAs | 0.071856 | 0.075626 | 0.117409 | 0.018172 | 0.213539 0.17629 0.09965 0.109321 
AWMAs | 0.055435 | 0.060055 | 0.102099 | 0.036348 | 0.085414 | 0.130302 | 0.093428 | 0.073788 
AWMA/; | 0.106767 | 0.071174 | 0.061259 | 0.039141 | 0.183038 | 0.153303 | 0.174387 | 0.092919 
AWMAs | 0.071856 | 0.031135 | 0.075802 | 0.009785 0.19524 0.130302 | 0.084082 | 0.153037 
AWMAs+ | 0.055435 | 0.053384 | 0.035728 | 0.036348 | 0.164739 0.17629 0.102767 | 0.109321 
AWMAw | 0.065698 | 0.071174 | 0.068913 | 0.022366 | 0.317288 | 0.122632 | 0.093428 | 0.153037 


Then compute the utility of degrees using Eqs. (6), (7), and (8). Then compute the function of 
utility degree using Eqs. (9), (10), and (11). Then order the alternatives as shown in Figure 3. The 
alternative ten is the highest score followed by alternative eight then alternative two. The lowest score 


of alternatives is one. 


AWMA10 
AWMA9 
AWMA8 
AWMA7 
AWMA6 
AWMAS 
AWMA4 
AWMA3 
AWMA2 
AWMA1 


EE ESE EER | 5 78A3564 


EEE EEA EEE =| 373693469 


EEE EERIE «1 388167932 


EES EEE) | 268163802 


ee 1 82473372 


EEE IIE BEI TEE =] 269346701 


ae, =] 151636753 


a” | (93292992 


Se EES! Y 339969113 


ee -(). 463263528 


0 


0.2 
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1 1.2 
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Figure 3. The order of ten options in AWM. 
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4. Conclusions 


This research creates and employs a theoretical structure of planning and MCDM for efficient 
and environmentally friendly use of water resources in agriculture. In addition, a multi-factor 
analytical approach was created to predict water for agriculture purposes. Regional management 
alternatives for handling agriculture water demand as well as supply were defined based on the 
findings of an investigation of water usage in agriculture and the identification of both internal and 
outside factors affecting the administration of water resources for farming. 

The usage of a procedure takes into consideration ambiguity and uncertainty during decision- 
making. Consequently, eight water supply standards were established: social, economic, ecological, 
and water use administration. The proposed approach was applied to ten alternatives with respect 
to the impact of criterion strengths in MCDM. The given approach integrated the neutrosophic sets 
with the MARCOS method to aid decision makers to achieve the optimal solutions. Hence, the results 
show the alternative 10 as the best and alternative 1 is the worst. 
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